Bis(trimethylsilylamino)difluorophosphine1 (1) has been found to react with phosphorus pentafluoride with formation of trifiuorophosphazodifluorophosphine (2), (a) (b) F 2P-N(SiMe3)2 + PF5 -> F 2P -N = P F 3 + 2 Me3SiF 1 2 which has previously been prepared in the reaction of P F 2N H 2 w ith P F 3C122. Identification of 2 wras by its 19F NMR spectrum. A pair of doublets of quartets was observed for the P F 2 group, a doublet of triplets for the P F 3 group. At room tem perature coupling between P(a) and fluorine in the P F 3 group was not seen, however. At -30 °C, each line of the -N = P F 3 triplet is split into a doublet. This effect can be attributed to a hindered rotation of the P F 2 group around the P -N bond at reduced temperatures.
Separation of 2 from accompanying Me3SiF is difficult, due to the very small difference in boiling points of only 3.5 °C2'3, but was accomplished by taking advantage of the donor properties of the P F 2 group, in the following reaction4, C7H 8Mo(CO)4 + 2 1 -» d s-(F 3P N P F 2)2Mo(CO)4 + C7H 8 3 4 (3 = bicycloheptadiene tetraearbonyl molybde num 5).
The identity of this complex which contains phosphorus in two oxidation states, was established by elemental analysis. Mass spectra (recorded at 70 eV) confirmed the molecular composition and showed fragments Mo(CO)w(F2P N P F 3)w (n = 0-4; m -1.2). Fragm ents containing molybdenum R eq uests for reprints should be sen t to Dr. G e r d -V o l k e r R ö s c h e n t h a l e r , L ehrstuhl B für A norgani sche Chemie der T echnischen U n iv ersitä t, D-3300 Braunschweig, P ockelsstraße 4.
showed the typical pattern, due to the isotopes of molybdenum. Fragments not containing molyb denum, such as F 2P N P F 3 and F 2PNPF£ are also seen; the base peak is Mo(F2P N P F 3)+.
The IR spectrum of 4, with three bands at 2065 (s), 1985 (vs), and 1965 (vs) cm-1 (carbonyl stretching modes) indicates cis-geometry. Other absorptions, at 1455 (vs; broad), 992 (vs), and 822 (vs) are due to vp=x, ^p -f( P F 3), and v p -f ( P F 2) of coordinated 2; they are also slightly shifted, rela tive to the uncoordinated ligand.
The 19F NMR spectrum of 4 exhibits two basic doublets, one for the P F 2 group (6f + 9 .7 ppm; ^p f + 3^p f 1162 Hz), and one for the P F 3 group (<5f + 82.4 ppm; J p f 1000 Hz; both <5f values rela tive to int. CC13F). Coordination of 2 via the P F 2 group is evident from the significant low-field shift of fluorine, bonded to P(a) (-36 ppm), compared to the P F 3 group ($f shifted only -0.4 ppm). A triplet (dp -151 ppm) and a quartet (<5p +49,2 ppm ; both values relative to ext. 85% H 3P 0 4) are seen for P(a) und P(b) in the 31P NMR spectrum; thus, dp for P(a) which is coordinated, is lowered by 23 ppm, for P(b) raised by 5.6 ppm; compared to the free ligand. It is noteworthy that long range P -F and F -F coupling across the nitrogen bridge is no longer observed in the complex.
Cleavage reactions of 1 with fluorophosphoranes other than P F 5 have also been conducted, and are under further study.
Experimental
The usual precautions required in handling air and moisture sensitive compounds were observed. ??-Hexane was distilled over lithium aluminium hydride.
19F and 31P NMR spectra were recorded on a Varian HA 60 A instrum ent at 56.4 and 24.3 MHz, respectively, using the side-band technique. The reference substances were CC13F (internal) and 85% H 3P 0 4 (external), respectively. Spectra of the liquids were recorded on the neat substances.
IR spectra were recorded either of liquid films (between KBr plates) or on w-hexane solutions on a Beckman IR 20 A instrument.
The mass spectra were obtained on a AEI MS 9 instrument.
Phosphorus pentafluoride (3.8 g; 0.03 mole) was condensed in a standard Pyrex-glass vacuum system onto 7.0 g (0.03 mole) of 1 in an ampoule. The re action mixture was allowed to warm up to room temperature and was then left for 4 days. 1.4 g of a yellow-white solid and 9.4 g of a colourless liquid (mixture of 2 and Me3SiF) were obtained. The mix ture was added to a suspension of 3.0 g (0.01 mole) of 3 in 50 ml w-hexane. After a 3 day/25 °C reaction period, the solvent was removed and the product 4 (3.6 g; 43% based on 1) was obtained by distilla tion; b. p. 40 °C/6 • 10~4 mm. 
